Objective: To define the peripheral neuropathy phenotypes associated with Castleman disease.
approach. [11] [12] [13] Castleman disease can also have coexisting polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy, and skin changes (POEMS) syndrome. 14, 15 However, little is known about the specific clinical and electrodiagnostic characteristics of the peripheral neuropathy phenotypes associated with Castleman disease with or without POEMS syndrome. Furthermore, there is no comparison of the peripheral neuropathy in POEMS syndrome with and without Castleman disease. Therefore, we sought to better define the clinical, laboratory, and electrodiagnostic characteristics of the peripheral neuropathy in these 3 conditions by retrospective chart review.
METHODS Patient selection. We searched the Mayo Clinic computerized database for patients seen between January 2003 and December 2014 who had the diagnosis of biopsy-proven Castleman disease. 15 We included patients who had tissue specimens reviewed by the Mayo Clinic Department of Pathology. Patients were also required to have a diagnosis of peripheral neuropathy. We excluded patients with an alternative cause of peripheral neuropathy such as diabetes mellitus, advanced kidney disease, excessive alcohol intake, or vitamin B 12 deficiency. Patients were then divided into 2 groups, depending on the association with POEMS syndrome. POEMS syndrome diagnosis was based on the diagnostic criteria published in 2003. 16 We identified POEMS controls without Castleman disease from our prior study. 17 Therefore, 3 groups of patients were compared: those with Castleman disease with peripheral neuropathy and without POEMS (CD-PN), those with Castleman disease with POEMS (CD-POEMS), and patients with POEMS syndrome (POEMS). Clinical, laboratory, and electrodiagnostic information was extracted by retrospective chart review. We included only vascular endothelial growth factor (VEGF) levels, IL-6 levels, and platelet counts obtained before treatment in the analysis. Thrombocytosis was defined as a platelet count .450,000/mL.
Scoring of neuropathy severity. The Neuropathy Impairment Score (NIS) was used to score the severity of the peripheral neuropathic deficits. 18 In brief, the NIS is a summed score of a standard and representative list of motor, sensory, and muscle stretch reflex impairments. Scores range from 0 (normal) to 4 (paralyzed) points for motor and 0 to 2 (absent) points for sensation and reflexes for individual attributes. For patients 50 to 69 years old, ankle reflexes are graded 0 points when decreased (considered normal) and 1 point when absent. For patients $70 years old, absent or decreased ankle reflexes are graded 0 points. Total NIS ranges from 0 to 244 points, NIS-weakness from 0 to 192 points, NIS-sensory from 0 to 32 points, and NIS-reflexes from 0 to 20 points. The NIS was calculated from the abstraction of findings from the neurologic examination form at Mayo Clinic visits.
Electrodiagnostic testing. The assessment of nerve conduction studies and EMG used methods standard for the EMG laboratory at Mayo Clinic. We used the European Federation of Neurologic Societies/Peripheral Nerve Society electrodiagnostic criteria to determine whether the peripheral neuropathy was demyelinating. 19 The severity of the neuropathy from an electrodiagnostic standpoint was estimated by the degree of axonal loss. We used percentiles and calculated a composite amplitude score of the sural sensory, tibial motor (recording from the abductor hallucis muscle), and peroneal motor (recording from the extensor digitorum brevis muscle) responses. Percentiles were calculated from the Rochester Diabetic Study healthy cohort and corrected for anthropometric characteristics. 20, 21 In the lower limb, nerve conduction studies are usually performed by recording from the foot. In severe cases, the responses are commonly absent, limiting further analysis. Hence, we used the peroneal motor amplitude recording from the tibialis anterior muscle (PMTA), along with electromyographic findings from this muscle, to compare the CD-POEMS and POEMS groups. Given the unavailability of detailed normative data for proximal nerve conduction studies, we used PMTA values rather than percentiles. We also calculated a tibialis anterior needle examination score (TANES) by summating abnormalities of fibrillation potentials, longduration motor unit potentials, and reduced recruitment using standard grading. For further validation, we analyzed the correlation between the PMTA and TANES.
Statistical analysis. Descriptive summaries are presented as frequencies and percentages for categorical variables and median and ranges for continuous variables. Comparisons among the 3 groups were performed with the Kruskal-Wallis, x 2 , or Fisher exact test as appropriate. All of the tests were 2 sided. When the p value comparing the 3 groups reached statistical significance (,0.05), groups were then compared by pairs with the Wilcoxon rank sum, x 2 , or Fisher exact test as appropriate.
Standard protocol approvals, registrations, and patient consents. Mayo Clinic Investigational Review Board approved the study. We included patients who had given consent allowing their medical records to be used for research purposes.
RESULTS Patient characteristics. One hundred five patients with biopsy-proven Castleman disease were identified (figure e-1 at Neurology.org). Twenty-seven patients had an associated peripheral neuropathy: 7 with CD-PN and 20 with CD-POEMS. One hundred twenty-two patients with POEMS (without Castleman disease) served as controls. Patients in all 3 groups were more commonly men; however, there was no difference in age, sex, height, and weight among the 3 groups (table 1) . Among patients with Castleman disease, 19 patients had the histopathologic type reported, with plasma cell type being the most common (42%), followed by hyaline vascular (37%) and mixed (21%; table 1).
Clinical presentation. Patients presented on average in their sixth decade. Patients with CD-POEMS had a longer duration of neuropathic symptoms before evaluation (table 2) . At presentation to our institution, patients with CD-PN reported mainly distal lower limb numbness with no pain. Approximately half of the patients reported paresthesias and weakness. In contrast, most patients with CD-POEMS and patients with POEMS presented with numbness, paresthesias, and weakness, and more than half of the patients reported pain, often necessitating neuropathic pain medications and sometimes opioids. The pain was described as burning, shooting, or stabbing pain.
Neurologic examination. Patients with CD-PN had mild, predominantly sensory deficits in a lengthdependent pattern, involving mainly the distal lower limbs. Only one patient with CD-PN had associated distal weakness. Conversely, patients with CD-POEMS and POEMS had more severe motor and sensory deficits in either a length-dependent pattern or a polyradiculoneuropathy. Among the 3 groups, the CD-PN group had the mildest neuropathy. The CD-POEMS group had a less severe neuropathy than the POEMS group (figure 1).
Electrodiagnostic testing. On nerve conduction studies, respective rates of definite and possible demyelination were as follows: CD-PN, 43% and 0%; CD-POEMS, 56% and 22%; and POEMS control, 51% and 35% ( figure 2A ). Regarding the severity of the neuropathy estimated by the amount of axonal loss, the composite amplitude score was greatest in CD-PN, followed by CD-POEMS and POEMS ( figure 2B ). The CD-POEMS group had a greater PMTA ( figure 2C ) and a lower TANES ( figure 2D ). The PMTA correlated with the TANES (correlation coefficient 20.6638, p , 0.0001).
Laboratory findings. In both the CD-POEMS and POEMS groups, the plasma cell disorder was almost always lambda-restricted and of non-IgM isotype (table 1) . VEGF levels were elevated in 3 of 4 patients with CD-PN, 13 of 14 patients with CD-POEMS, and 18 of 23 patients with POEMS (p . 0.05). IL-6 levels were elevated in 2 of 3 patients with CD-PN, 5 of 10 patients with CD-POEMS, and 10 of 16 patients with POEMS (p . 0.05). Two of 6 patients with CD-PN, 7 of 17 patients with CD-POEMS, and 59 of 119 patients with POEMS had thrombocytosis (p . 0.05). The median VEGF levels, IL-6 levels, and platelet count did not differ among the 3 groups (table 3) . There were no HIV-or human herpesvirus-8-positive patients in this cohort. DISCUSSION In our cohort, 27.5% of patients with Castleman disease had an associated peripheral neuropathy with or without POEMS syndrome. This percentage is nearly identical to that reported in a previous cohort of patients seen between 1948 and 2002: 9% with CD-PN and 18% with CD-POEMS. 11 The peripheral neuropathies of Castleman disease and POEMS represent a spectrum in which CD-PN is the mildest, often purely sensory, and without pain. Although CD-POEMS and POEMS share a severe, commonly painful, sensory and motor peripheral neuropathy or polyradiculoneuropathy, POEMS is more severe clinically and electrophysiologically. This difference is not accounted for by lead time bias. It should be noted that in patients with POEMS syndrome, including CD-POEMS, the peripheral neuropathy is usually the predominant feature of the illness. However, in patients with CD-PN, the peripheral neuropathy might be overlooked given the mild nature of the symptoms and signs. In this cohort, the number of patients with CD-PN may be underestimated because patients with subjective sensory symptoms without further evaluation were not included. Several hematologic disorders such as monoclonal gammopathy of undetermined significance, POEMS syndrome, and Waldenström macroglobulinemia can be associated with a peripheral neuropathy with demyelinating features. 17, 22, 23 An interesting finding in this study is that Castleman disease without POEMS is an additional cause of a demyelinating neuropathy. This may be an important clue to diagnosis and adds to the utility of performing electrodiagnostic studies in chronic sensory neuropathies. In our cohort, the percentage of patients with demyelination may even be underestimated because it is common to have absent responses in the lower limbs, which hinders further characterization. In addition, according to the European Federation of Neurologic Societies/ Peripheral Nerve Society joint task force, 19 if the demyelination criteria were not fulfilled by testing one side, testing the other side is then recommended, which is not always done in clinical practice.
The elevation of VEGF and IL-6 levels serves as an important clue to these disorders; therefore, VEGF and IL-6 levels should be tested. However, the degree of abnormality does not correlate with a specific condition. This finding is not unexpected because our prior studies have not shown VEGF to correlate with disease severity. 24 Nonetheless, as we and others have previously demonstrated, elevations in these cytokines, VEGF in particular, can help differentiate POEMS, and now CD-PN, from other causes of demyelinating peripheral neuropathy. 25, 26 We have demonstrated that these disorders represent a spectrum, with CD-PN having a mild distal sensory predominant neuropathy that differs from the severe sensory and motor peripheral neuropathy or polyradiculoneuropathy associated with coexisting POEMS syndrome. Both of these neuropathies often have demyelinating characteristics on electrodiagnostic testing that can serve as a clue to the diagnosis. Testing for VEGF and IL-6 may allow earlier recognition of these disorders. In addition, patients with CD-POEMS have a relatively milder peripheral neuropathy compared to patients with POEMS without Castleman disease, both clinically and on electrodiagnostic testing. This is a novel discovery that deserves further study to evaluate whether the prognosis or treatment response in CD-POEMS and POEMS differs. 
